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COMPLETE SPEaFICATlON 

Improvements in or relating to methods of producing 
Metal Oxide Gels 



We, Esse Research and Engineering 
Company, formerly knovm as Standard Oil 
Development Conopany, a Corporation duly 
organised and ezisung under the laws of the 

5 State of Delaware, Uuited States of America, 
of Elizabeth, New Jersey, United States of 
America, do hereby declare the invention, for 
" which I pray that a patent may be granted to 
me, and the method by which it is to be per- 

10 fonucd, to be particularly described in and by 
the following statement : — 

This invention relates to an improved pro- 
cess for the preparation of metal ozide-alumina 
gels such as are used for contact or catalytic 

15 purposes and more particularly it refers to a 
pooess for produdng such compounds where^ 
by aniline is reacted with aluminium and one 
or more other metals to form anilides, the said 
anilides being hydrolysed to fi»m a hydrous 

20 metal oude mixture, the aniline being regen- 
erated and recycled. 
According to the present invention there may 
'' be prepared mixed metal oxide gels such as 
alumimum-chromium oxide geJj alumioium- 

25 manganese oxide gel, alumiiuum-zinc oxide gel, 
alimunium-magnesium oxide gd, or alumin- 
ium-molybdenum oxide gel. To produce such 
gels the hydrous metal oxide whioi is obtained 
as a slurry may be dried and activated by wdl- 

30 known methods, or treated with impregnating 
solutions such as ammoniim^ mol^bdate or 
chromic add. 

Petroleum naphtha and similar hydrocarbon 
mixtures containing appreciable quantities of 

35 naphthenes can be subjected to a reforming 
operation to yield a liquid product of improved 
octane number boiling within the gasoline 

^ range. Depending upon reaction conditions, 
catalytic reforming operations are generally 

40 referred to as either hydrofonning or aromatiz- 
atioa reactions. By hydrofonning is ordinarily 
meant an operation conducted at elevated tem- 
peratures and pressures in the presence of a 
solid catalyst and added hydrogen wherein a 

45 hydrocarbon fraction is inrceased in aromatidty 

[Prfc* 5t. Od.} 



and wherein there is no net consumption of 
hydrogen. The term aromatization refers to 
an operation in which a hydrocarbon or hydro- 
carbon fraction is treated at elevated temper- 
atures but at substantial atmosphciic pressure 50 
in the presence of a solid catalyst for the pur- 
pose of increasing the aromaticity of the hydro- 
carbon or hydrocarbon fraction- 
Catalytic reforming operations are usually 
carried out at temperatures of around 850g to 55 
1100** F. in the presence of such catalysts as 
molybdenum oxide or chromium oxide sup- 
ported on an alumina base or carrier. 

In addition to die rcf ormii^ processes, high 
boiling hydrocarbon, materials may be con- 60 
verted to low boiling hydrocarbon maJteidals 
by a process of catalytic cracking carried out by 
subjecting the high boiling hydrocarbon 
material to active ccmditions of 'temperature 
and pressure for sufifident tiine in; the presence 65 
of c^alysts sudi as alumina-magnesia^ alumina- 
molybdena, alumina-silica-magnesia <»- alumina- 
silica-molybdeoa. The catalyst may be ixv the 
form of fixed or moving bed with the vaporized 
high boiling hydrocarbon material passing 70 
therethrough or the so-called fluid tecnnique 
may be used in which the catalyst material is 
suspended in vapours or high boiling hydro- 
carbon maerial durmg die recarion^ Other cat- 
alytic conversions of hydrocarbons or other 75 
compounds may be practised using the catalysts 
prepared according to the present process. 

Our British Patent Specification No. 719,723 
described a process for the preparation of 
alumina-containing mixed metal oxide gels 80 
used as catalysts in hydrocarbon operations des- 
cribed above, whereby aluminium alloys are 
reacted with phenok or cresds, the said phen- 
ates or cresylates being subsequendy hydro- 
lysed with the formation of mixed hydrous 85 
metal oxides, the phenol or cresol being sub- 
sequendy regenerated. It is necessary in pro- 
cesses of this type that the r^enerated com- 
pounds are freed from water before being re- 
cyded^ and an advantage in the use of the pre- 90 
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sent invention 'that tihe solubility of aniline 
in water is much less than that of phenol^ and 
is of the same order as the solubility of cresols, 
is shown in Table I. This property allows 
S much better separation of regenerated amline 
and compounds^ and allows greats d£ciency 
of reacdoo. 

Table I 

Solubility in water— gms/100 nils.H30 



10 Aniline 
■ Phenol 
<>K:resol 
m-cresol 
p-cresol 



3.4 at 20" C. 
6.7 an 16" C. 
3ulat40* C, 
2,4 at 20^ C 
2.4 at 40' C. 



6.4 at 90' C, 
00 at 66° C. 
5.6 at 100" C. 
5.8at.l00'C. 
5.3 at 100* C 



15 The prt-sent invention, besides using the 
sparingly soluble aniline, produces products of 
high purity and surface area. 

The preparation of metal gels may be car- 
ried out by adding die metal in any suitable 

20 form .such as tujudngs, powdex, granules or 
chips, to the anhydrous aniline. A reaction 
' catalyst may also be added^ suitable catalysts 
being meicuiic chloride or other mercury salts, 
die flinonnt of such reaction catalysrcs being 

25 preferably from 0.01 to 1% by weight based 
on die inctal exc^loyed. 

The reacdon mixture should be heated to 
the boiling point of the aniline to initiate reac- 
tion, and this temperature maintained during 

30 the progress of the reaction. 

Hydrogen produced during the reacdon may 
be removed overhead. The reaction should pre^ 
ferably be carried out under reflux. 
' The products of reaction comprising mixed 

35 metal anilides may be hydrolysed in tibe reac- 
tion zone or may be passed to a suitable hydro- 
lysis zone, which may be an orifice mixer or a 
centrifugal pump. Hydrolysis may be carried 
oat with watery steam or an aqueous colloidal 

40 solution such as silica, hydrosol or silica hydro- 
gel, or an impregnating aqueous solution to 
• hydrolyse tiie amlide solution forming the 
hydrous alumina metal oxide complex salt The 
temperature during hydrolysis may be between 

45 212" F. and 400*^ R 

During liydrolysis widi silica hydrosol or 
silica hydrogel, water is removed from the 
hydrosol or bydrogd to form the sHica-alumina 
metal oxide composite which can be diied. 

50 Wben using an impregnating solution such a 
solittion ot a metal salt sudi as ammonium 
molybdate or chromic add^ the solution may be 
added to the sluny of alumina metal oxide 
complex obtained from the hydrolysis reaction, 

55 and tiie sulplus removed and the product gendy 
dried to obtain the desired complex. 

The invention therefore comprises an im- 
proved process for producing alumina-containr 
ing mixed metal oxides gels, whidi comprises 



reacting aluminium and one or more other 60 
metals or metal alloys with anhydrous aniline 
at an elevated temperature and hydroiysing the 
metal anilides thereby obtained to form a 
hydrous mixed metal oxide complex and dry- 
ing tiie said hydrous mixed metal oxide coupler 65 
to form an adsorbent mbced metal oxide ge}- 

I'he invention may be fiuther imderstood by 
reference to the following example. 

Example 

A mixture of pure powdered aluminium and 70 
nKignesium in equal proportions was treated 
with an excess of pure aniline in a dircc-neckcd 
flask togedier with 0.5 % by weight of mercuric 
chloride as a reaction catalyst. The reaction 
mature was heated to boiling point under re- 75 
flux and continually stirred at that temperature 
for about 3 hours. On cooling, the contents 
of the flask were poured into a container and a 
quantity of distilled water added. Aniline was 
immediately liberated, together widi a gel-like 80 
formation of a mixtture of aluminium and 
magnesium hydroxide. The surplus water was 
removed from die gel by treatment with anhyd- 
rous alcohol, followed by ether extraction, and 
the resulting gel gentiy dried. 85 

Similar results were obtained usmg alumin- 
ium and manganese, using the reaction condi- 
tioDS described above. 

What we daim is: — 

1. An improved process for poducing 90 
alumina-coataHung m^ed metal oxide gels, 
which comprises reacting aluminium and one 

or more odier metals or alloys with anhydrous 
aniline at an elevated temperature, and hydro- 
iysing the anilides thereby obtained to form 95 
a hydrous mixed metal oxide complex^ and 
drying the said Jiydrous mixed metal oxide . . 
complex to form an adsorbent mixed 
metal oxide gel. 

2. A process as claimed in Qaim 1 wherein 100 
the §aid other metal reacted witii the said ani- 
line is molybdenum, manganese or mag- - . 
nesluffl. 

3: A process as claimed in Qaim 1 or Claim 
2 wherein an impregnatioii solution of ammo- 1C5 
nium molybdate or chromic acid is added to the 
said mixed hydrous metal oxkie before drying. 
' 4. A process as claimed in any of Claims 1 ' 
to 3 wherein 0.01 to 1% by weight based on 
the metal employed of a mercury salt;, pre- HO 
ferably mercuric chloride, is added to the 
anhydrous aniline as a reaction catalyst. 

5. A process as claimed in any of Claims 1 
to 4 wherein the metal anilide is hydrolysed 
with sili^ hydrosol or silica hjdrogel, whereby U5 
a bnxed sustBk oxide gel-djllca compoi^te Is 
obtained. 

K. J. VERYAW), 
33, Davies Street Londoxi, W.l, 
Agent for die Applicant 
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PROVISIONAL SPECIFICATION 

Improvements in or relating to methods of producing 
Metal Oxide Gels 



Wl, Standaku Oil Development Com- 
pany, a Oorporadon duly organised and exist- 
ing under tUc laws of mc State of Delaware, 
Uniced Slates of America^ (rf Elizabeth, New 
5 Jersey, United States of America, do hereby 
declare this invention to be described in tht 
following statement; — 

This invention relates to a process for the 
prtparation of inc|tal oxide gels "puch as are 
10 used for contaa or catalytic purposes and more 
particularly it refers to a procc^ for producing 
such compounds whereby aniline or a mono^ 
N-alkyl substituted aniline is reacted with a 
metal or alloy to fonn anil ides, the said ani- 
15 lides being hydrolysed to form a hydrous metal 
oxide, die aniline compound being regenerated 
and recycled. 

According to the present invention there may- 
be prq)ared meul oxide gels such as alumina 
20 gelj zinc oxide gel, chromium oxide gel, man- 
ganese gel, or compound naecal gels such as 
zinc-aluminium ge5, aluminium magnesium 
gel, aluminium-chromium gel, aluminium- 
manganese gel, or aluminium-molybdenum 
23 gcL To produce such gels the hydrous metal 
oxide which is obtained as a slurry may be 
dried and activated by well-known methods, 
or nxated with impregnating solutions such 
as ammonium, molybdate, or chromic add. 
30 Petroleum naphtha and similar hydrocarbon 
mixtures containing appreciable quantities of 
naphthenes can be subjeaed to a reforming 
operation to yield a Uquid product of improved 
octane number boiling within the gasoline 
35 range. Depending upon reaction conditions, 
catalytic reforming operations are generally 
referred to as either hydrof oxming or aromatiz- 
ation reactions. By hydrofonning is ordinarily 
meant an operation conducted at elevated tern- 
40 peratures and pressures in the presence of a 
solid catalyst and added hydr<^en^ wherein 
in a hydrocarbon fraction is increased 
in aromaocit^ and wherein there is no net con- 
sumption of hydrogen. The term aromatization 
45 refers to an operation in which a hydrocarbon 
or hydrocarbon fraction is treated at elevated 
temperatures but at substantial atmospheric 
pressure in the presence of a solid cataljrst for 
the purpose of inaeasing the aromaticity of 
50 the hydrocarbon or hydrocarbon fraction. 
Catalytic reforming operations are usually 
carried out at temperatures of around 850" to 
1100' F. in the presence of such catalysts as 
molybdenum oxide, chromium oxide and the 
55 like. These catalysts are usually supported on 
a base or carrier, the most commonly used base 
being alumina. In this invention, alumina based 
catalysts consisting <^ one or more of the Group 
VI oxides such as molybdenum oxide or 
60 chromium oadde, supported on alumina have 



bwcn prepared and ustd as reforming catalysts. 

In addition to the rtforming processes. High 
boiling hydrocarbon materials may be con- 
verted to low boiling hydrocarbon majcrials 
by a process of catalyac cracking carded out by 65 
subjecting the high boiling hydrocarbon 
material to acstive conditions of temperalture 
and pressure for sufficiem: time in the presence 
Oi' catalysts such as alumina, alumina-boria 
alumina-silica alumina-silica-magnesia alimina- 70 
magnesia and the like. The catalyst may be in 
the foim of fixed or moving bed widi the 
vaporized high bottling hydrocarbon ma'terial 
passing therethrough or the so-called fluid 
lechmque may be used in which the catalyst 75 
mat&iiai is suspended in vapours or high boil- 
ing hydrocarbon material during the reaction.- 
Other catalytic conversions of hydrocarbons or 
other compounds may be practised using the 
catalysts prepared according to the present go 
process. 

Our copending Application No. 6530/52 
described a process for the preparation of metal 
oxide gels used as catalysts in hydrocarbon 
operations described above whereby metals are g5 
reacted with phenols or aesols the said phen- 
ates or cresyjates being subsequendy hydro- 
lysed with the formation of hydrous metal 
oxides the phsnol or cresols being subsequently 
regenerated. It is necessary in processes of this 90 
type that the r^eoerated compounds are freed 
trom water before being lecyded and 
an advantage in the use of the 
present invention that the solubility of aniline 
or N-acyl substituted compounds in water is 95 - 
much less than ihat of phenol and is of the 
same order as the solubility of cresds is shown 
in Table L This property allows much better 
separation of regenerated aniline and com- 
pounds and allows greater efficiency of reaction. ^00 

Table I 



Solubility in water — ^gms/100 mlsH-O 



Aniline 

Phenol 

o-cresol 

m-cresol 

p-cresol 



3.4 at 20" C. 
6.7 at 16" C. 
3.1 at 40° C 
2.4 at 20' C 
2.4 at 40' C 



6.4 at 90" C. 
00 at 66" C 
5.6 at 100* C. 106 
5.8 at 100" C. 
5.3 at 100' C 



The present invention besides using the 
sparingly soluble aniline compounds produces 
products of high purity and surface area. 110 

The preparation of metal gels may be car- 
ried out by adding the metal in any suitable 
form such as turnings powder granules or 
chips to the anhydrous aniline compound. A 
reaction catalyst may also be added. Suitable 115 
catalysts being mercuric chloride or other mer- 
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cuiy salts the amount of such reaction catajysts 
being preferably from 0.01 to 1% by weight 
based on the metal. 
The reacdon mixture should be. heated to 
S the boiling point of the aniline or substituted 
compoimd to initiate reacdon and diis temper- 
ature maintained during the progress of the 
reacdoiL -Using aluminium and aniline for the 
production of alimuna gel die reacdon may be 

10 represented by- die following equation : — 
6QH,NH,+2Al==2AI(NHC:aHj5-}-3H, 
The hydrpgen may be removed overbad. 
The reacdon should preferably be carried our 
under reflux. 

15 The products of reaction comprising a solu- 
T'.on of metal anilide may be hydrolysed in die 
reacdon zone or- may be passed to a suitable 
hydrolysis zone whidi may be an orifice rniypr 
or a centrifugal pimip. Hydrolysis may be car- 

20 ried out with water steam or an aqueous col- 
loidal solution such as silica hydrosol or silica 
hydrogel or an impr^nating aqueous solution 
to hydrolysc the anilidc solution forming the 
hydrous metal salt. The temperature during 

25 hydrolysis may be between 35* F. and 400* 
The reaction at this stage may be represented 
by the following equation- again using the 
aluminium cc»npouna for die purpose dtillus- 
tration: — 

30 2(C.H3NH)>Al+6Hj,0= 

Al,(OH)o+6CeHaNHa 



During hydrolysis with silica hydrosol or 
hydrogel^ water is removed firom the hydrosol 
or hytkogd to form ±e silica-metal adde com- 
posite which can be dried. When usas^ an im- 35 
pregnating solution such as a solution of a 
metal salt such as ammonium molybdate or 
chromic acid solution is added to the slurry of 
metal oxide obtained from ±e hydrolysis reac- 
tion and the product dried to obtain the desired 40 
complex. Alternatively complexes may be 
obtamed by reacting the anOine compound with 
alloys sudi as duminiun>-zinc aluminium- 
manganese or aluminium-magnesium. 

The invention therefore comprises an im- 45 
proved method for producing metal oxide gels, 
which comprises reacting a metal or a metal 
alloy with anhydrous anilme or a mono-N-alkyl 
substituted aniline^ preferably methyl amline, 
at an elevated tem|}erature and hydrdysing the 50 
metal anilide obtained therefrom to form a 
hydrous jnetal oxide or metal oxide complex 
and drying the said hydrous metal oxide or 
metal oxide complex to form an adsorbent 
metal oxide com|Mex. 55 



K, J, VERYARD, 
Brettenham House;, (Sixth Floor South)^ 
Lancaster Place, Londoc^ W.C2, 
Agent for the Applicant 



Leammgton Spa: Printed for Her Majesty's Stationery Office, by the Courier Press.— 1956. 
Published at the Patent OfBce, 25, Southampton Bufldings, London, W.C.2, from which 
" ' copies may be obtained. 



